OPEN 3 ACCESS Freely available online 



•0-PLOS I o-^E 



Hospitalization Rates and Post-Operative Mortality for 
Abdominal Aortic Aneurysm in Italy over the Period 
2000-201 1 

Luigi Sensi\ Dario Tedesco^, Stefano Mimmi^, Paola Rucci^, Emilio Pisano\ Luciano Pedrini\ 
Kathryn M. McDonald^ Maria Pia Fantini^*, on behalf of the AAA-Working Group' 

1 Department of Surgery, Vascular Surgery Unit, Maggiore Hospital, Bologna, Italy, 2 Department of Biomedical and Neuromotor Sciences, Alma Mater Studiorum - 
University of Bologna, Bologna, Italy, 3 Stanford Center for Health Policy/Center for Primary Care and Outcomes Research, Stanford University, Stanford, California, United 
States of America, 4Vascular Surgery Unit, Maggiore Hospital, Bologna, Italy 



Abstract 

Background: Recent studies have reported declines in incidence, prevalence and mortality for abdominal aortic aneurysms 
(AAAs) in various countries, but evidence from Mediterranean countries is lacking. The aim of this study is to examine the 
trend of hospitalization and post-operative mortality rates for AAAs in Italy during the period 2000-2011, taking into 
account the introduction of endovascular aneurysm repair (EVAR) in 1990s. 

Methods:lh\s retrospective cohort study was carried out in Emilia-Romagna, an Italian region with 4.5 million inhabitants. A 
total of 19,673 patients hospitalized for AAAs between 2000 and 201 1, were identified from the hospital discharge records 
(HDR) database. Hospitalization rates, percentage of OSR and EVAR and 30-day mortality rates were calculated for 
unruptured (uAAAs) and ruptured AAAs (rAAAs). 

/fe5i//f5.' Adjusted hospitalization rates decreased on average by 2.9% per year for uAAAs and 3.2% for rAAAs {p<0.001). The 
temporal trend of 30-day mortality rates remained stable for both groups. The percentage of EVAR for uAAAs increased 
significantly from 2006 to 2011 (42.7 versus 60.9% respectively, mean change of 3.9% per year, p<0.001). No significant 
difference in mortality was found between OSR and EVAR for uAAAs and rAAAs. 

Conclusions: The incidence and trend of hospitalization rates for rAAAs and uAAAs decreased significantly in the last 
decade, while 30-day mortality rates in operated patients remained stable. OSR continued to be the most common surgery 
in rAAAs, although the gap between OSR and EVAR recently declined. The EVAR technique became the preferred surgery for 
uAAAs since 2008. 

Citation: Sensi L, Tedesco D, Mimmi S, Rucci P, Pisano E, et al. (2013) Hospitalization Rates and Post-Operative Mortality for Abdominal Aortic Aneurysm in Italy 
over the Period 2000-2011. PLoS ONE 8(12): e83855. doi:10.1371/journal.pone.0083855 

Editor: Giovanni Landoni, San Raffaele Scientific Institute, Italy 

Received July 29, 2013; Accepted November 10, 2013; Published December 30, 2013 

Copyriglit: © 2013 Sensi et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. 
Funding: The authors have no support or funding to report. 

Competing interests: The authors have declared that no competing interests exist. 
* E-mail: mariapia.fantini@unibo.it 

T Membership of the AAA Working Group is provided in the Acknowledgments. 



introduction 

Abdominal aortic aneurysm (AAA) is a common, progressive 
and potentially fatal disease with partly unknown aetiology [1]. If 
left untreated, the aortic wall weakens and becomes unable to 
withstand the forces of the luminal blood pressure, resulting in 
progressive dilatation and rupture [2]. 

During the 20th century, hospitalization and mortality rates 
from AAAs increased in Western countries [3-5]. Although 
advances in diagnostic techniques, such as ultrasonography, may 
have contributed to this trend, the rise of mortality and morbidity 
from AAAs could reflect a true increase of incidence, likely due 
also to increasing risk factors, such as smoking and age [6-8]. 
Recently, studies from England and Wales, Australia, New 
Zealand and Sweden have reported declines in AAAs incidence, 
prevalence and mortality during the last decade [9-12]. 



The detection of AAAs may be incidental, may result from a 
screening program (unruptured AAAs, uAAAs) or occur dramat- 
ically through the rupture of the aortic wall (ruptured AAAs, 
rAAAs). Ruptured aneurysm is associated with a very high 
mortality rate (about 4 deaths per 100,000 in England and Wales 
in the years 2001-2009) [9]. 

Until the 1 990s, aneurysms were treated by open surgical repair 
(OSR). The introduction inl991 of endovascular aneurysm repair 
(EVAR) [13] has led to changes in access to surgery and in quality 
of care and economic costs [14,15]. As EVAR technology has 
improved, the number of EVAR has grown so as to exceed, in the 
American context [16], the number of OSR. In Europe this 
transition has not yet occurred, but the trend seems headed in that 
direction [17]. In the last decade several studies have investigated 
postoperative mortality related to EVAR and all have roughly 
confirmed that EVAR achieves better short-term outcomes than 
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OSR, but does not show significantly better results in terms of 
long-term outcomes and costs [18,19]. 

Up to now, these topics have been inadequately investigated in 
Mediterranean countries. This study aims to provide the 
hospitalization and mortality rates for AAAs in the Northern 
Italian Emilia-Romagna region with about 4.5 million inhal)itants 
for the years 2000-201 1, using administrative data sources which 
are increasingly used to compare hospital performance and to 
examine patient outcomes in Western countries [20]. 

Materials and Methods 

Ethics Statement 

The study was carried out in conformity with the regulations on 
data management of the Regional Health Authority of EmUia- 
Romagna, and with the Italian law on privacy (Art. 20-21, DL 
196/2003) (http:/ / www.garanteprivacy.it/web/ guest/home/ 
docweb/-/docweb-display/docweb/l 115480, published in the 
Official Journal no. 190 of August 14, 2004) which explicidy 
exempts the need of ethical approval for anonymous data 
(Preamble #8). 

Data were anonymized prior to the analysis at the regional 
statistical office, where each patient was assigned a unique 
identifier. This identifier does not link to the patient's idc-ntity 
and other sensitive data. As anonymized administrative data are 
used routinely for health-care management no specific written 
informed consent was needed to use patient information. 

The data set will be made freely available upon request. 

Population, Data and Outcomes 

This retrospective cohort study used the hospital discharge 
records (HDR) database of Emilia-Romagna region, where 
information on gender, birth date, admission and discharge date, 
status at discharge, diagnoses and procedures is recorded for all 
patients discharged. Patients discharged between January T', 2000 
and December ST', 2011 with primary diagnosis of abdominal 
aortic aneurysms were selected for the analyses. Hospital discharge 
records of patients under 18 years or not resident in Emilia 
Romagna region were excluded. The ICD-9-CM diagnostic codes 
used for the present study were 441.3 (abdominal aneur^'sm, 
ruptured), 441.4 (abdominal aneurysm without mention of 
rupture), 441.5 (aortic aneurysm of unspecified site, ruptured) 
and 441.9 (aortic aneurysm of unspecified site without mention of 
rupture). 

AAAs were classified into uAAAs and rAAAs using the 
following criteria: uAAAs were patients with a primary diagnosis 
441.4 or 441.9 (excluding patients with secondary diagnostic 
codes 441.3 or 441.5); rAAAs were patients with a primary 
diagnosis 441.3 or 441.5 (excluding patients with secondary 
diagnostic codes 441.4 or 441.9). 

Thirty-day in-hospital mortality was estimated in patients with 
AAAs who received a procedure coded as 38.34 (resection of vessel 
with anastomosis, aorta), 38.44 (resection of vessel with replace- 
ment, aorta ), 38.64 (other excision of vessels, aorta, abdominal ), 
39.52 (other repair of aneurysm), 39.71 (endovascular implanta- 
tion of graft in abdominal aorta), or 39.79 (other endovascular 
procedures on other vessels). This outcome was defined as a death 
occurring for any cause within 30 days from surger}' during the 
index hospitalization or any subserjuent hospitalization. 

Information on comorbidity in the 2 years before the index 
hospitalization and at admission was obtained through data 
linkage of hospital discharge records for each patient. 

From 1998 to 2004 Italian health authorities adopted the ICD- 
9-CM, 1997 version, which did not include the EVAR procedure 



codes. Since 2005, the ICD-9-CM, 2002 version was adopted, in 
which the EVAR procedure codes were included. Thus it was 
possible to distinguish EVAR (ICD-9-CM codes 39.71 or 39.79) 
and OSR (ICD-9-CM codes 38.34 or 38.44 or 38.64 or 39.52) 

procedures starting from 2006. 

Validity of the Algorithm for Case Definition 

The sensitivity of the algorithm for case identification was 
examined by linking HDR with the clinical database of the 
Vascular Surgery Unit of Maggiore Hospital, including 523 
patients who underwent surgery between 2000 and 2005. We 
found that the algorithm captured 69% of cases. Further 
examination of the diagnostic/procedure codes revealed that 14 
ruptured aneurysms had been coded as 441.02 (dissection of 
abdominal aorta), and for 78 cases the procedure 39.52 (other 
repair of aneur^'sm) had been used. Therefore we modified the 
algorithm to include diagnosis 441.02 and procedure 39.52. 
Broadening the inclusion criteria increased the sensitivity of the 
algorithm to 88%. Therefore, although the HDR database covers 
100% of hospital discharges in the region, the algorithm based on 
a primar)' diagnosis of AAA and some specific procedures does not 
identify all operated AAA cases. 

However, studies using administrative data in Emilia-Romagna 
region show that HDRs are reliable [2 1]. To assess the accuracy of 
30-day in-hospital mortality data as a proxy of 30-day mortality, 
HDR were linked to the regional mortality registry for the period 
2000-2009. Only 1% of deaths within 30 days occurred outside of 
the hospital. Therefore 30-day in-hospital mortality may be 
considered as an accurate proxy of 30-day mortality when death 
registry data are unavailable to researchers (e.g., due to time lag of 
two or more years). 

Statistical Analysis 

Crude hospitalization rates were calculated for each year as the 
number of patients hospitahzed divided by the number of resident 
adults. The hospitalization rates adjusted for age and gender were 
calculated using as reference population the resident adults on 
January T', 2006. 

The 30-day mortality rates for uAAAs and rAAAs were 
estimated using a risk-adjusted Poisson multivariate regression 
model including as covariates sex, age, and comorbidity in the 
index admission and in the admissions of the previous two years. 
The trend of mortality and hospitalization rates in the study period 
was estimated using hnear regression. 

The study period was limited to the years 2006-201 1 for 30-day 
mortality rates for OSR and EVAR procedure in uAAAs when 
EVAR procedure coding was reliably available. Relative risks were 
used to compare the 30-day mortality rates for OSR and EVAR 
procedures. Statistical analysis was carried out using SAS, version 
8.2 (SAS Institute Inc., USA). 

Results 

Baseline Characteristics 

The analysis included 19,673 patients with AAAs, 16,903 of 
whom (85.9%) were uAAAs and 2,770 (14.1%) rAAAs. Patients 
underwent AAA repair in 22 hospitals, 14 of which had a vascular 

surgery department. 

Hospitalization of Patients with AAAs 

Age- and gender-adjusted hospitalization rates for uAAAs in 
Emilia-Romagna region decreased significantly from 30.5 in 2000 
to 20.9 per 100,000 in 2011, on average by 2.9% per year 
(p<0.001). Similarly, adjusted hospitalization rates for rAAAs 
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Figure 1. Age- and gender-adjusted hospitalization rates for uAAAs and rAAAs. uAAAs, unruptured abdominal aortic aneurysm; rAAAs, 

ruptured abdominal aortic aneurysm. 

doi:10.1371/journal.pone.0083855.g001 



decreased significantly from 7.4 in 2000 to 4.8 per 100,000 in 
2011, on average by 3.2% per year (p<0.001) (Figure 1). 

Percentage of Patients Aged 75 Years and Over 

For both uAAAs and rAAAs, we found an increase in the 
percentage of patients aged &75 years during the period 2000 to 
2011. This percentage increased by 1.0% per year (p<0.001) for 
uAAAs and 0.9% per year (p = 0.032) for rAAAs (Figure 2). 

Thirty-day Mortality of Operated AAAs Patients 

The number and characteristics of operated patients are 
reported in Table 1. Both crude and adjusted 30-day rn-hospital 
mortahty rates for uAAAs and rAAAs showed non-significant 
fluctuations over the study period (Table 2). The mean adjusted 



30-day mortality rate for uAAAs was 1.87% (range 1.21-2.74%) 
and the rAAAs adjusted 30-day in-hospital mortality rate was 
36.35% (range 27.46-43.00%). 

Percentage of OSR/EVAR 

These analyses were carried out in the subsample operated since 
2006. Patients with an aorto uni-iliac endograft followed by a 
femoro-femoral crossover (N= 170, 1.8% recorded as both EVAR 
and OSR) were excluded. 

The characteristics of patients undergoing each of procedure 
are provided in Table 3. The percentage of EVAR for uAAAs 
increased significantly from 42.7% in 2006 to 60.9% in 201 1, with 
a mean change of 3.9% per year (p<0.001) (Figure 3). In this 
period, the mean length of hospital stay for uAAAs with OSR was 
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Figure 2. Percentage of patients 75 years and over. 
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Table 1. Characteristics of patients undergoing AAA repair. 







uAAAs 


rAAAs 


Patients 


7,869 


1,497 


Male n {%) 


7,198 (91.5%) 


1,260 (84.2%) 


Age (±SD) 


72.5 (±7.68) 


76.3 (±9.26) 


Hypertension at index discharge 


3,912 (49.7%) 


420 (28.1%) 


Heart failure at index discharge 


67 (0,8%) 


49 (3.3%) 


Cardiac arrhythmia at index discharge 


622 (7.9%) 


187 (12.5%) 


Hematological diseases at index 
discharge 


402 (5.1%) 


232 (15.5%) 


COPD at index discharge 


2,181 (27.7%) 


233 (15.6%) 


Previous chronic kidney disease 


401 (5.1%) 


105 (7.0%) 


Previous COPD 


923 (11.7%) 


1 26 (8.4%) 


30-day mortality after AAAs repair 


148 (1.9%) 


543 (36.3%) 



M, males; COPD, chronic obstructive pulmonary disease, 
doirl 0.1 371 /journal.pone.0083855.t001 



significantly longer than the mean stay for uAAAs with EVAR 
(12.0 vs. 7.2 days, p-value <0.001). 

The increase in the percentage of EVAR for rAAAs was smaller 
than for uAAAs, but still statistically significant, increasing from 
17.1% in 2006 to 32.7% in 2011, with a mean change of 2.8% per 
annum (p = 0.003) (Figure 4). The mean length of stay for rAAAs 
with OSR was statistically longer than the mean stay for rAAAs 
with EVAR (16.5 vs. 11.6 days, p-value <0.001). 



Table 2. Thirty-day in-hospltal mortality rates. 



Thirty-day Risk-adjusted Mortality of EVAR/OSR Repaired 
Patients 

Unruptured AAAs. The difference in 30-day in-hospital 
mortality between OSR and EVAR of uAAAs was not significant, 
except for the year 2006 when a lower mortality was observed for 
EVAR. The 30-day in-hospital mortality adjusted rate after OSR 
decreased in the study period by a mean of 0.36% per year 
(though trend is not statistically significant: p = 0.087); the EVAR 
30-day in-hospital mortality adjusted rate remained constant 
(Table 4). 

Ruptured AAAs. The 30-day in-hospital mortality of rAAAs 
did not differ between OSR and EVAR. While the 30-day 
mortality for the OSR increased from 2006 to 20 1 1 by a mean of 
2.93% (p = 0.024), that for EVAR did not change significandy 
(Table 5). 

Readmission Rates 

Out of 2421 patients undergoing OSR, 269 (11.1%) were 
readmitted within 30 days of discharge (2.6% with a surgical DRG 
and 8.5% with a medical DRG). Of the 2245 patients undergoing 
EVAR, 277 (12.4%) were readmitted within 30 days of discharge 
(4.2% with a surgical DRG and 8.2% with a medical DRG). 

Discussion 

This study evaluated the incidence and trend of AAAs, using 
HDR data. The results of the present study indicate a significant 
decrease in overall AAAs adjusted hospitalization rates both for 
uAAAs and rAAAs over the years 2000-201 1. The temporal trend 
of 30-day mortality rates did not vary significantly for both patient 
groups. 

Our hospitalization rates for uAAAs are consistent with those 
reported by Norman et al, [10] and Sandiford et al. [11], while 
other studies found steady or increasing trends [9,17,22]. The 





uAAAs 




rAAAs 






Crude 30-day 


Adjusted^ 30-day 


Crude 30-day 


Adjusted** 30-day 


Year of discharge 


mortality rate (%) 


mortality rate (%) 


mortality rate (%) 


mortality rate (%) 


2000 


1.99 


1.84 


35.71 


34.83 


2001 


1.53 


1.30 


33.59 


33.82 


2002 


2.42 


2.02 


36.92 


37.67 


2003 


1.75 


1.57 


37.17 


39.54 


2004 


2.45 


2.13 


37.06 


35.73 


2005 


1.79 


1.76 


35.62 


34.82 


2006 


2.48 


2.74 


29.91 


27.46 


2007 


1.88 


2.14 


30.16 


29.87 


2008 


1.59 


1.81 


35.29 


38.01 


2009 


1.91 


2.13 


46.28 


43.00 


2010 


1.60 


1.88 


37.30 


38.74 


2011 


1.23 


1.21 


40.71 


42.71 


Trend (p-value) 


-0.0459 (0.176) 


0.0044 (0.904) 


0.4129 (0.278) 


0.4744 (0.239) 



^Adjusted for age, gender, OSR/EVAR, hypertension at index discliarge, heart failure at index discharge, cardiac arrhythmia at index discharge, previous chronic kidney 
disease. 

"^Adjusted for age, gender, OSR/EVAR, hypertension at index discharge, hematological diseases at index discharge, COPD at index discharge, previous COPD, previous 
chronic kidney disease. 

OSR, open surgical repair; EVAR, endovascular aneurysm repair. 
doi:10.1371/journal.pone.0083855.t002 
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Figure 3. Percentage of OSR/EVAR in uAAAs. 

doi:1 0.1 371 /journal.pone.0083855.g003 



hospitalization rates for rAAAs in the present study are consistent 
with those for the English population in the last ten years [9] . 

AAAs may develop in a silent way and their detection may 
occur during a screening ultrasonography or incidentally; without 
screening programs, the hospitalization rate can be used as a proxy 
of incidence of AAAs, consistent with other studies [1 1]. While in 
many countries screening programs for AAAs have been 
implemented in the last 15 years [23,24], in Italy implementation 
has been limited generally [25,26]. However, in the Emilia- 
Romagna region, in the last decades, the use of ultrasonography 
has become widespread and diagnostic skills have improved, 
resulting in a greater ability to detect AAAs. This might have 



contributed to an increased diagnosis of incidental uAAAs in 
elderly patients. However, we observed a decrease in AAAs 
hospitalization rates. This decline might be related to reductions in 
risk factors given that smoking habits in Italy and in EmUia- 
Romagna region have steadily declined as a result of the 
enforcement by law of a comprehensive smoking ban in public 
places in 2005 [27-29]. The effect of this smoking ban on the 
reduction of acute cardiovascular events has been documented by 
Barone-Adesi et al. [30] and Cesaroni et al. [31]. In addition, 
during the study period a decreasing rate of lung cancer in Italy 
(starting in the 90 's) was observed, particularly among men (from 
120/100,000 in 1990 to 80/100,000 in 2010) [32]. 




2006 2007 2008 2009 2010 2011 

Year of discharge 



Figure 4. Percentage of OSR/EVAR in rAAAs. 

doi:10.1371/journal.pone.0083855.g004 
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Table 3. Characteristics of patients undergoing OSR and EVAR. 





uAAAs 




rAAAs 






OSR 


EVAR 


OSR 


EVAR 


Number of patients 


1908 


2063 


513 


182 


Male n (%) 


1737 (91%) 


1885 (91.4%) 


418 (81.5%) 


1 50 (82.4%) 


Age (±SD) 


71.2 (7.41) 


75.1 (7.39) 


77.2 (9.44) 


78 (8.94) 


Hypertension at index discharge 


987 (51.7%) 


1220 (59.1%) 


1 54 (30%) 


62 (34.1%) 


Heart failure at index discharge 


21 (1.1%) 


14 (0.7%) 


20 (3.9%) 


5 (2.7%) 


Cardiac arrhythmia at index discharge 


132 (6.9%) 


218 (10.6%) 


76 (14.8%) 


28 (15.4%) 


Hematological diseases at index discharge 


149 (7.8%) 


74 (3.6%) 


72 (14%) 


39 (21.4%) 


COPD at index discharge 


553 (29%) 


609 (29.5%) 


89 (17.3%) 


39 (21.4%) 


Previous chronic kidney disease 


101 (5.3%) 


1 54 (7.5%) 


35 (6.8%) 


16 (8.8%) 


Previous COPD 


1 82 (9.5%) 


245 (11.9%) 


37 (7.2%) 


27 (14.8%) 


30-day mortality after AAA repair 


42 (2.2%) 


28 (1.4%) 


195 (38%) 


61 (33.5%) 



doi:1 0.1 371 /journal.pone.0083855.t003 



Unfortunately information on smoking habits is not available 
from HDR and could not be included in our analyses. 

When we focused on elderly patients (aged 75 years or more), 
hospitalization rates increased over time both for uAAAs and for 
rAAAs. Regarding uAAAs, our results are consistent with other 
studies in which the authors explained this trend as a delayed 
clinical onset of illness, resulting from the combined effect of 
genetic factors and the decrease of smoking [33,34]. 

Of note, in the present study adjusted mortality rates did not 
increase over the study period. However, because the number of 
elderly hospitalized patients increased over time, the steady 
mortality rates suggest good quality of care, particularly for this 
aged population. 

It is possible that the decrease of hospitalization for uAAA is 
accounted for by several factors. In younger patients, some 
changes to care have been implemented during the study period, 
e.g. an increase in outpatient visits rather than hospital admission 
for diagnostic purposes, or the monitoring of smaU-diameter 
aneurysms rather than surgery (intervention is recommended only 
for AAA>5.5 cm) [35]. On the contrary, it is likely that the advent 
of EVAR has enabled safe aneurysm repair in elderly patients who 

Table 4. Thirty-day in-hospltal mortality rate - uAAAs. 



might have been turned down for surgery before 2000 [22]. This 
could explain why we observed a decrease of overall hospitaliza- 
tions (younger people effect), with a parallel increase of hospital- 
izations and interventions in elderly patients. 

As to the choice of surgical procedure, OSR continued to be the 
most common surgery in rAAAs, although in the study period the 
gap between OSR and EVAR was reduced, even though some 
departments had limited hospital budgets for transitioning to 
EVAR. On the contrary, the EVAR technique became the 
preferred method for uAAAs since 2008, consistent with the 
literature [16]. The advantage of this surgical procedure is that it 
requires shorter hospitalizations (on average 5 days less), although 
it is more cosdy [15,36]. However, the adjusted mortality did not 
decrease since the adoption of EVAR technique, in line with 
Gupta et al. [37] that used prospectively collected data from the 
National Surgical Quality Improvement Programme (for patients 
<60 years). On the contrary other studies reported a higher 30- 
day mortality for OSR [18,38,39]. Further studies are needed to 
assess the effectiveness and the cost-effectiveness of the two 
techniques, specifically in the Italian health care system. 



OSR EVAR 



Adjusted 

Number of Crude 30-day 30-day 



year of 
discharge 


Number of 
operated patients 


Crude 30-day Adjusted 30-day 
mortality rate (%) mortality rate (%) 


operated 
patients 


mortality rate 

(%) 


mortality rate 

(%) 


aRR (p-value) 


2006 


387 


3.62 


3.83 


288 


0.69 


0.71 


5.356 (0.013) 


2007 


331 


1.81 


1.92 


283 


2.12 


1.91 


1.006 (0.783) 


2008 


358 


1.68 


1.66 


328 


1.52 


1.57 


1 .058 (0.874) 


2009 


288 


2.43 


230 


347 


1.44 


1.49 


1 .545 (0.362) 


2010 


268 


1.87 


1.78 


387 


1.55 


1.52 


1.172 (0.757) 


2011 


276 


1.45 


1.26 


430 


0.93 


1.01 


1.251 (0.524) 


Trend (p-value) 




-0.2834 (0.146) 


-0.3609 (0.087) 




-0.0169 (0.907) 


0.0071 (0.954) 





Adjusted for age, gender, OSR/EVAR, hypertension at index discharge, heart failure at index discharge, cardiac arrhythmia at index discharge, previous chronic kidney 

disease. aRR, adjusted risk ratio. 

doi:l 0.1 371/journal.pone.0083855.t004 
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Table 5. Thirty-day in-hospital mortality rate - rAAAs. 











EVAR 








year of 
discharge 


Number of 

operated 

patients 


Crude 30-day 
mortality rate 

(%) 


Number of 
Adjusted 30-day operated 
mortality rate (%) patients 


Crude 30-day 
mortality rate 

(%) 


Adjusted 30-day 
mortality rate 

(%) 


aRR (p-value) 


2006 


97 


31.96 


31.56 


20 


20.00 


23.68 


1.333 (0.287) 


2007 


96 


33.33 


33.59 


29 


20.69 


20.73 


1.621 (0.195) 


2008 


85 


31.76 


35.85 


32 


46.88 


43.39 


0.826 (0.129) 


2009 


83 


49.40 


44.58 


31 


38.71 


41.26 


1 .080 (0.307) 


2010 


82 


39.02 


38.24 


36 


36.11 


37.60 


1.017 (0.764) 


2011 


70 


45.71 


47.57 


34 


32.35 


29.53 


1.611 (0.194) 


Trend (p-value) 




2.9560 (0.099) 


2.9351 (0.024) 




2.8526 (0.305) 


2.2209 (0.383) 





Adjusted for age, gender, OSR/EVAR, hypertension at index discharge, hematological diseases at index discharge, COPD at index discharge, previous COPD, previous 

chronic kidney disease. 

doi:l 0.1 371 /journal.pone.0083855.t005 



Examination of readmission rates witliin 30 days of discharge 
showed that about one in ten patients were readmitted after OSR 
(11.1%) or EVAR (12.4%) repair. Of these readmissions, few had 
a surgical DRG (23% in OSR and 34% in EVAR), suggesting a 
good quality of surgical care. Our results are consistent with the 
fmdings of Greenblatt et al. [40], who reported 30-day readmis- 
sion rates of 12.8% after EVAR and 13.3% after OSR. On the 
contrary, Casey et al. [41] found higher rates: 20.0% for OSR and 
17.4% for EVAR. A recent U.S. study reports an almost 11% 
adverse event rate among OSR patients compared to less than 3% 
for EVAR patients [42]. 

Our results should be interpreted keeping in mind some 
important hmitations. Statistical analysis of longitudinal observa- 
tional data is challenging, complicated by the potential for 
unforeseen bias and confounding. Administrative databases have 
a limited ability to capture illness severity. This limitation is 
partially mitigated by our inclusion in the analyses of comorbidities 
in the index hospitalization and in the two previous years. 
However, in the present study, information on patients' history of 
smoking, that has a strong impact on AAA, was not available. 
Second, the potential for inaccurate coding exists for any claims- 
based analysis. In order to increase the specificity of the selection 
algorithm, we included only patients with a primary diagnosis of 
AAAs. This did not allow to capture an estimated 12% with this 
diagnosis. Moreover we included among operated patients only 
those with one of the procedures selected for our algorithm. This 
led to exclude patients undergoing other procedures. Therefore, 
generalization of our results should be done with caution. 

However, our data are population-based and are representative 
of the hospitalizations and procedures performed for this condition 
in the whole region. 

Conclusions 

Similar to several previous studies in other countries, we find 
decreasing levels of AAAs in Italy, even in the setting of increased 



screening. Reductions in risk factors (e.g., less smoking) may be 
responsible for decreased disease burden. 

Alongside reductions in disease burden at the population level, 
the health care delivery system is offering more patients surgical 
treatments. The Italian technology utilization trend is following 
that of other countries, though 30-day adjusted mortality rates are 
comparable for both procedural options, with rates for OSR lower 
than those reported elsewhere [18,38,39]. 

For future policy development as well as patient level decision- 
making, more comparative evidence on beneficial and adverse 
patient and economic effects of OSR, EVAR and no surgery is 
needed. Longitudinal data at the population level from regions 
such as Emilia Romagna could examine these outcomes over 
longer periods of time. Careful examination of conditions such as 
AAAs in diflFerent regions is likely to offer critical insight by 
exploring the complex interplay among patient, health delivery 
system and policy factors. 

Acknowledgments 

The AAA-Working Group includes the following investigators: Mauro 
Gargiulo, Vascular Surgery Unit, Policlinico S.Orsola-Malpighi, Bologna, 
Italy; Francesco Mascoli, Operative Unit of Vascular and Endovascular 
Surgery, S.Anna University-Hospital, Ferrara, Italy; Elio Piccinini, 
Vascular Surgery Unit, S. Maria deUe Croci Hospital, Ravenna, Italy; 
Giorgio Ubaldo Turicchia, Vascular Surgery Unit, Forli-Cesena Hospitals, 
Italy; Silvio Candelori, Department of Biomedical and Neuromotor 
Sciences, Alma Mater Studiorum - University of Bologna, Bologna, Italy. 

Author Contributions 

Conceived and designed ihe experiments: DT PR LP MPF. Performed the 
experiments: LS EP LP. Analyzed the data: SM PR. Wrote the paper: LS 
DT PR LP KM MPF. 



References 

1 . HultgTcn R, Forsbcrg J, AIfrcds.son L, Swcdcnborg J, Lcandcr K (20 1 2) Regional 
variation in the incidence of abdominal aortie aneurysm in Sweden. Br J Surg 
99: 647-653. 

2. Kuivaniemi H, Elmore JR (2012) Opportunities in abdominal aortie aneurysm 
research: epidemiology, genetics, and pathophysiology. Ann Vase Stug 26: 862— 
870. 



3. Fowkes FG, Macintyre CC, Ruekley CV (1989) Increasing incidence of aortic 
aneurysms in England and Wales. BMJ 298: 33-35. 

4. RcitsmaJB, Pleumcekers HJ, Hoes AW, Klcijnen J, de Groot RM, et al. (1996) 
Increasing incidence of aneuiysms of the abdomijial aorta in The Netherlands. 
Eur J Vase Endovase Surg 12: 446^51. 

5. Cheng SW, Ting AC, Tsang SH (2003) Epidemiology and outcome of aortic 
aneurysms in Hong Kong. World J Surg 27: 241-245. 



PLOS ONE I www.plosone.org 



7 



December 2013 | Volume 8 | Issue 12 | e83855 



Trends and Outcomes of Abdominal Aortic Aneurysm 



6. Norman PE, Davis I'M, Lc MT, (jollcdgrj (2007) Matrix biolo^t^- of" abdominal 
aortic aneurysms in diabetes: meehanisms underlying the negative association. 
Connect Tissue Res 48: 125-131. 

7. BlanchardJF (1999) Epidemiology of abdominal aortic aneurysms. Epidemiol 
Rev 21: 207-221. 

8. Shteinberg D, Halak M, Shapiro S, Kinarty A, Sobol E, et al. (2000) Abdominal 
aortic aneurysm and aortic occlusive disease: a comparison of risk factors and 
inflammaton. response. Eur J Vase Endo\'asc Surg- 20: 162 465. 

9. Choke E, Vijavnaoar B. lliompson J, Xasim A, Bown MJ, et al. (2012) 
Changing epidemiolog\ of abdominal aortic aneurysms in England and Wales: 
older and more benign? Circulation 125: 1617-1625. 

10. Norman PE, Spilsbury K, SemmensJB (2011) Falling rates of hospitalization 
and mortality from abdominal aortic aneurysms in Australia. J Vase Surg 53: 
274- 277. 

1 1. Sandilord P, Mosquera D, Bramley D (201 1) Trends in incidence and mortality 
trom abdominal aortic aneurysm in New Zealand. BrJ Surg 98: 645—651. 

12. Svensjo S, Bjorck M, (iurtelschmid M, Djavani (iidlund K, HcUberg A, et al. 
(2011) Low prevalence of abdominal aortic aneurysm among 65-year-old 
Swedish men indicates a change in the epidemiology of the diseaise. Circulation 
124: 1118-1123. 

13. Peu-ocU JC, Palmaz JC, Barone HD (1991) Transfemoral intraluminal graft 
implantation for abdominal aortic aneurysms. Ann Vase Surg 5: 491-499. 

14. EVAR Trial Participants (2005) Endovascular aneurysm repair versus open 
repair in patients with abdominal aortic aneurysm (EVAR trial 1): randomised 
controlled trial. Lancet 365: 2179-2186. 

15. Stcrnbcrgh WC 3rd, Money SR (2000) Hospital cost of endovascular versus 
open repair of abdominal aortic aneurysms: a multicenter study. J Vase Surg 3 1 : 
237-244. 

16. Schwarze ML, Shen Y, Hemmerich J, Dale W (2009) A^e-related trends in 
utilization and outcome of open and endovascular repeiir for abdominal aortic 
aneurysm in the United States, 2001-2006. J Vase Surg 50: 722-729. 

17. Mofidi R, Suttie SA, Howd A, Dawson AR, Griffiths GD, et al. (2008) Outcome 
from abdominal aortic aneurysms in Scotland, 1991—2006. BrJ Surg 95: 1475— 
1479. 

18. Greenhalgh RM, Brown LC, Kw^ong GF, Powell J T, Thompson S(j, et al. 
(2004) Comparison of endovascular aneurysm repair with open repair in patients 
with abdominal aortic aneurysm (EVAR trial 1), 30-day operative mortality 
results: randomised controlled trial. Lancet 364: 843-848. 

19. Choke E, Lee K, McCarthy M, Nasim A, Naylor AR, et al. (2012) Risk models 
for mortality following elective open and endovascular abdominal aortic 
aneurysm repair: a single institution experience. Eur J Vase Endovasc Surg 
44: 549-554. 

20. Aylin P, Bottle A, Majeed A (2007) Use of administrative data or clinical 
databases as predictors of risk of death in hospital: comparison of models. BMJ 

334: 1044. 

21. Yuen E, Louis D, Cisbani L, Rabinowitz C, De Palma R, et al. (2011) Using 
administrative data to identify and stage breast cancer cases: implications for 
assessing quality of care. Tumori 97: 428-435. 

22. Anjum A, Powell JT (2012) Is the incidence of abdominal aortic aneurysm 
declining in the 2 1 st century? Mortality and hospital admissions for England & 
Wales and Scotland. Eur J Vase Endovasc Surg 43: 161-166. 

23. NHS Abdominal Aortic Aneurysm Screening Programme. Available: http:// 
aaa.scrcening.nhs.uk/. Accessed 23 October 2013. 

24. Bums H (2010) Scottish Abdominal Aortic Aneurysm Screening Programme. In 
CMO and Pubhc Health Directorate HISD (11th edn). Edinburgh: Scottish 
Government. 



25. Palombo D, Lucertini G, Pane B, Mazzei R, Spinella G, et al. (2010) District- 
based abdominal aortic aneurysm screening in population aged 65 years and 
older. J Cardiovasc Surg (Torino) 51: 777—782. 

26. Giardina S, Pane B, Spinella G, Cafueri G, Corbo M, et al. (201 1) An economic 
evaluation of an abdomintd aortic aneurysm screening program in Italy. J Vase 
Surg 54: 938-946. 

27. Istituto Superiore di Sanita, Rapporto annuale sul fiuno in Italia, anno 2010. 
Available: http:/ /www. iss.it/binary/pres/cont/Rapporto_annuale_sul_fumo_ 
anno_2010.pdf Acccs.sed 2013 May 22. 

28. Buonanno P, Ranzani M (2013) fhank you for not smoking: evidence from the 
Italian smoking ban. Healtii Policy 109:' 192-199. 

29. Pieroni L, Chiavarini M, MineUi L, Salmasi L (2013) The role of anti-smoking 
legislation on cigarette and alcohol consumption habits in Italy. Health Policy 
111: 116-126. 

30. Barone-Adesi F, Gasparrini A, Vizzini L, Merletti F, Richiardi L (2011) Effects 
of Italian smoking regulation on rates of hospital admission for acute coronary 
c\'cnts: a country-wide study. PLoS One 6: el7419. 

31. Ccsaroni G, Forasticre F, Agabiti N, Valente P, Zuccaro P, et al. (2008) Effect of 
the Italian smoking ban on population rates of acute coronary events. 
Circulation 117: 1183-1188. 

32. Ministero della salute. Documento tecnico di indirizzo per ridurre il carico di 
malattia del cancro- Anni 2011—2013. Available: http://www.salute.gov.it/ 
imgs/C_l 7_pubblicazioni_1440_allegato.pdf Accessed 2013 Oct 23. 

33. Bown MJ, Jones GT, Harrison SC, Wright BJ, Bumpstead S, et al. (2011) 
Abdominal aortic aneurysm is associated with a variant in low-density 
lipoprotein receptor-related protein 1. Am J Hum Cienet 89: 619-627. 

34. Gretarsdottir S, Baas AF, Thorleifsson G, Holm H, den Heijcr M, et al. (2010) 
Genome-wide association study identifies a sequence variant within the DAB2IP 
gene conferring susceptibility to abdominal aortic aneurysm. Nat Genet 42: 692- 
697. 

35. No authors listed (1998) Mortality results for randomised controlled trial of early 
elective surgery or ultrasonographic surveillance for small abdominal aortic 
aneurysms. The UK Small Aneurysm Trial Participants. Lancet 352: 1649— 
1655. 

36. Min SI, Min SK, Ahn S, Kim SM, Park D, et al. (2012) Comparison of costs of 
endovascular repair versus open surgical repair for abdominal aortic aneurysm 
in Korea. J Korean Med Sci 27: 416-422. 

37. Gupta PK, Ramanan B, Lynch TG, Gupta H, Fang X, et al. (2012) 
Endovascular repair of abdominal aortic aneurysm does not improve early 
survival versus open repair in patients younger than 60 years. Eur J Vase 
Endovasc Surg 43: 506-512. 

38. Lederle FA, Freischlag JA, Kyriakidcs TC, Padberg FT Jr, Matsumura JS, et al. 
(2009) Outcomes following endovascular vs open repair of abdominal aortic 
aneurysm: a randomized trial. JAMA 302: 1535—1542. 

39. Schermerhorn ML, Giles KA, Sachs T, Bensley RP, O'Malley AJ, et al. (201 1) 
Defining perioperative mortality after open and endovascular aortic aneurysm 
repair in the US Medicare population. J Am CoU Surg 212: 349-355. 

40. Greenblatt DY, Greenberg CC, Kind AJ, HavlenaJA, MeU MW, et al. (2012) 
Causes and implications of readmission after abdominal aortic aneurysm repair. 
Ann Surg 256: 595-605. 

41. Casey K, Hernandez-Boussard T, Mell MW, Lee JT (2013) Differences in 
readmissions after open repair versus endovascular aneurysm repair. J Vase Surg 
57: 89-95. 

42. Hernandez-Boussard T, McDonald KM, Morton JM, Dalman RL, Bcch FR 
(2012) Determinants of adverse events in vascular surgery. J Am Coll Surg 214: 
788-797. 



PLOS ONE I www.plosone.org 



8 



December 2013 | Volume 8 | Issue 12 | e83855 



